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Growth  of  ponderosa  pine  in  Arizona  is 
normally  determined  by  remeasuring  perman- 
ently established  plots.  In  many  instances, 
however,  it  is  desired  to  get  growth  rates 
without  waiting.  Growth  rates  can  be  deter- 
mined from  one  sampling  of  a  forest  by  apply- 
ing the  stand  projection  method  described  by 
Hasel.^ 

A  permanent  sampling  system  is  estab- 
lished by  locating  strip  cruise  center  lines 
and  point  samples,  the  suggested  methods  for 
developing  stand  tables  required  for  stand 
projection.  This  system  can  then  be  converted 
to  a  permanent  plot  remeasurement  method  of 
growth  determination.  Mortality  and  ingrowth 
estimates  will  also  become  available  with 
subsequent  inventories. 

How  the  Method  Works 

Hasers  stand  projection  method  involves 
determining  the  gross  change  in  numbers  of 

^Associate  Silviculturist^  located  at 
Flagstaff  J  in  cooperat'ion  with  Arizona  State 
College;  central  headquarters  are  maintained 
at  Fort  Collins 3  in  cooperation  with  Colorado 
State  University. 

^Haselj  A.  A.  A  design  for  multi-purpose 
forest  surveys  of  large  area.  51  pp.  1961. 
(Unpublished  manuscript) 


trees  per  acre  in  each  2-inch  diameter  class 
for  a  projection  period.  This  method  is  simi- 
lar to  other  stand  projection  techniques  in 
assuming  the  change  in  a  future  period  will 
equal  that  of  a  past  period.  The  change  in  a 
2-inch  d.b.h.  class  is  the  difference  between 
the  numbers  of  trees  growing  into  and  out  of 
that  class  during  the  projection  period.  If 
mortality  data  are  available,  gross  change  can 
be  converted  to  net  change. 

The  change  in  numbers  of  trees  per  acre 
for  each  2-inch  d.b.h.  class  is  multiplied  by 
average  individual  tree  volume  for  that  class. 
By  adding  the  volumes  for  all  classes,  growth 
is  determined. 

The  method  requires  the  following  infor- 
mation: 

1.  A  stand  table  of  growing  stock  by  2- inch 
d.b.h.  classes. 

2.  Average  annual  rate  of  diameter  growth  by 
2-inch  d.b.h.  classes. 

3.  Height  measurements  corresponding  to  2- 
inch  d.b.h.  classes  to  make  local  volume 
tables. 

All  of  the  information  needed  to  apply  the 
method  can  be  obtained  from  a  single  "cruise'' 
of  an  area. 
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Stand  Tables 

It  is  suggested  that  point  sampling  be  used 
to  develop  stand  tables  describing  growing 
stock  distribution  in  the  large  pole  and  saw- 
timber  size  classes.  The  first  step  in  initiat- 
ing a  permanent  sampling  system  is  completed 
by  permanently  locating  the  points  and  mark- 
ing the  trees  measured. 

A  strip  cruise  should  be  used  to  develop  a 
stand  table  describing  growing  stock  distribu- 
tion of  sapling  and  small  pole  size  classes. 
Point  sampling  should  not  be  used  to  measure 
the  smaller  size  classes  because  of  the 
clumped  pattern  of  distribution  of  these  class- 
es in  southwestern  ponderosa  pine.  Point 
sampling  is  similar  to  fixed-plot  sampling  for 
a  given  2-inch  d.b.h.  class,  and  a  small  area 
will  be  sampled  compared  to  the  total  area  of 
the  population.  Too  large  or  too  small  num- 
bers are  often  obtained  when  numbers  of  trees 
of  a  clumped  distribution  are  tallied  from 
small  sample  areas  and  expanded  to  an  acre 
basis.^ 

Which  of  the  2-inch  d.b.h.  size  classes 
should  be  sampled  by  a  strip  cruise  will  de- 
pend on  the  basal  area  factor  selected  for 
point  sampling.  The  smaller  the  factor,  the 
smaller  the  2-inch  d.b.h.  classes  that  can  be 
sampled  by  a  strip  cruise. 

For  efficiency,  locate  the  point  samples  at 
regular  intervals  along  the  strip  cruise  center 
line,  and  carry  out  the  strip  cruise  and  point 
sampling  simultaneouslyo 


Diameter  Growth 

Increment  borings  are  needed  to  determine 
average  annual  diameter  growth.  These  bor- 
ings must  describe  accurately  diameter  growth 
within  each  2- inch  d.b.h.  class  in  the  popula- 
tion sampled.  The  first  tree  tallied  on  the 
point  samples  can  be  bored  to  meet  this  ob- 
jective. Trees  in  the  smaller  size  classes  can 
be  selected  in  a  similar  way. 


^Odum,  E.  P.  Fundamentals  of  eoology. 
546  pp.3  illus .  Philadelphia- London:  W.  B. 
Saunders  Co.  1959. 


Height  Measurements 

Height  measurements  corresponding  to  2- 
inch  d.b.h.  classes  must  be  taken  to  make 
local  volume  tables.  The  trees  selected  for 
diameter  growth  information  can  be  used  for 
these  measurements.  As  these  trees  will  have 
been  bored,  height  and  age  data  will  be 
available. 


Sample  Design 

Systematic  sampling  with  multiple  random 
starts  ^  can  be  used  to  measure  the  varia- 
bility between  lines  of  strip  cruise  and  point 
samples.  This  system  will  allow  for  computing 
measurements  of  variation  in  addition  to 
insuring  a  representative  sample  of  an  area. 

While  there  are  unknown  errors  in  the 
stand  projection  method,  sampling  errors 
should  meet  predetermined  limits  of  preci- 
sion. This  means  sampling  intensities  for 
different  levels  of  precision  and  probable 
error  must  be  computed,  which  requires 
knowing  how  much  variability  exists  in  the 
stands  in  terms  of  the  data  necessary  to 
apply  HasePs  method. 

Measurements  of  variability  become  avail- 
able from  a  systematic  sampling  design  with 
multiple  random  starts.  The  number  of  point 
samples,  and  the  area  to  be  sampled  by  a 
strip  cruise,  necessary  to  develop  stand  tables 
at  given  limits  of  precision  can  be  computed. 
Also,  the  number  of  increment  borings  and 
height  measurements  needed  in  each  2-inch 
d.b.h.  class  can  be  found.  An  efficient  samp- 
ling system  can  be  designed  from  these  data. 

Computations 

Hasers  method  is  similar  to  the  stand  pro- 
jection  method   described   by  Meyer^  The 

^ShiuBj  Chemg-Jiarm.  Systematic  sampling 
■ijith  multiple  random  starts.  Forest  Soi.  6: 
42-50.  1960. 

^Freese^  F.  Elementary  forest  sampling. 
U.S. Dept.  Agr.  Agr.  Handb.     232^  91  pp.  1962. 

^Meyerj  H.  A.  Forest  mensuration.  S57 
pp.  J,  illus.  State  College,  Pa.:  Penn's  Valley 
Pub.,  Inc.  1953. 


Table  1. — Hasel's  stand  projection  method 
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Step  1.  Enter  number  of  trees  per  aere  by  2-inch 
d.b.h.  classes  in  column  1. 

Step  2.  Compute  cumutative  total  numbers  of  trees  for 
each  class,  beginning  with  the  largest  2-inch 
d.b.h.  classes,  and  record  in  column  2  (N^). 

Step  3.  Divide  each  total  in  column  2  (N^)  by  the 
total  in  the  next  larger  class,  and  record 
the  quotients  in  column  3  (Q-^). 

Step  4.     Enter  the  logarithm  of       in  column  4. 

Step  5.  Divide  each  logarithm  of  by  2  and  record 
the  quotients  in  column  5  (b^) . 

Step  6.  Enter  average  annual  diameter  growth  (g^)  for 
each  2-inch  d.b.h.  class  in  column  6. 

Step  7.  Multiply  each  b^  in  column  5  by  the  corre- 
sponding gi  in  column  6,  and  record  the  pro- 
ducts in  column  7. 

Step  8.  Enter  antilog  of  each  product  of  b^  and  gi  in 
column  8. 

Step  9.  Subtract  1  from  each  antilog  in  column  8  and 
enter  in  column  9.  These  r^  values  are  rates 
of  ingrowth  into  each  2-inch  d.b.h.  class. 


Step  10. 


Step  21. 


Step  12. 


Step  13. 


Multiply  the  cumulative  total  numbers  of 
-trees  for  each  2-inch  d.b.h.  class  (N^)  by 
the  corresponding  ingrowth  rate  (r^J  and  re- 
cord the  products  in  column  10. 


Subtract  outgrowth  (ingrowth  in  next  larger 
2-inch    d.b.h.     class)  from  ingrowth  for  each 


2-inch    d.b.h.  class 


(Bir^ 


)-(l^i+iri+i) ,  and 
enter  the  gross  change  in  the  number  of  trees 
in  each  2-inch  d.b.h.  class  in  column  11.  If 
mortality  and  cutting  records  are  available, 
adjust  gross  change  as  follows:  (Gross 
change)  -  (Mortality)  -  (Cut)  =  net  change  in 
each  2-inch  d.b.h.  class. 


Enter    average    volume  of  a  tree  ('O^)  in  each 
2-inch  d.b.h.  class  in  column  12 
ume  of  entire  stem  in  cubic  feet 


Vi  is  vol- 


Multiply  the  gross  change  in  the  number  of 
trees  in  each  2-inch  d.b.h.  class  in  column 
11  by  the  corresponding  average  volume  of  a 
tree  (V^)  in  column  12,  and  record  products 
in  column  13 


(Gi) 


Step  14.  Add    column  13. 
per  year. 


Summation  is  growth  per  acre 


ratio  of  cumulative  numbers  of  trees  in  adja- 
cent size  classes  was  used  to  calculate  Q  by 
Hasel  in  place  of  q  =  the  ratio  of  numbers  of 
trees  in  adjacent  d.b.h.  classes usedby Meyer. 
The  procedure  followed  in  applying  HasePs 
stand  projection  method  is  outlined  in  table  1. 
Data  collected  on  a  450- acre  watershed  on  the 
Beaver  Creek  Watershed  Evaluation  project  in 
Arizona^are  used  to  illustrate  the  procedure. 

'^A  275 jOOO-acve  watershed  on  the  Coconino 
Bat-tonal  Forest  in  northern  Arizona  where 
costs  and  benefits  of  intensive  rrrultiyle-VLse 
land  management  are  being  evaluated  as  a  part 
of  the  Arizona  V/atershed  Program, 


Test  of  Method 

Hasel's  stand  projection  method  was  used 
to  determine  ponderosa  pine  growth  rates 
(gross)  on  a  450-acre  watershed  on  the  Beaver 
Creek  Watershed  Evaluation  project.  The  re- 
sults of  this  test  illustrate  how  the  method  can 
be  applied  in  Arizona. 

Systematic  sampling  with  four  strata  and 
four  random  starts  (fig.  1)  was  the  design 
placed  on  the  test  watershed.  Each  sample 
unit  consisted  of  point  samples  at  3- chain 
intervals  and  a  strip  cruise  1/4  chain  wide. 


-  3  - 


Area:  45u  acres 
Scale:  1  inch  =  '4  mile 


Figure  1  .--Systematic  sampling  with  four 
strata  and  four  random  starts. 

Increment  borings  and  height  measurements 
were  taken  on  the  first  tree  tallied  on  the 
point  samples.  Point  sampling  with  a  basal 
area  factor  of  25  was  used  to  develop  stand 
tables  for  trees  8  inches  d.b.h.  and  larger. 
Stand  tables  for  trees  less  than  8  inches  d.b.h. 
were  constructed  from  the  strip  cruise. 

Growth  rates  were  determined  for  each 
sample  unit,  and  an  average  was  obtained  for 
the  watershed.  The  average  growth  rate  was 
34.5  +  2.3  cubic  feet  ^  per  acre  per  year.  The 
coefficient  of  variation  was  52  percent. 

^MyerSj  C.  A.  Volume j  taper^  and  related 
tables  for  southwestern  ponderosa  pine.  U.  S. 
Forest    Serv.    Res.  Paper  24  pp.3  illus . 

Rooky  Mountain  Forest  and  Range  Eccpt.  Sta.j 
Fort  Collins 3  Colo.  1963. 


The  number  of  point  samples,  using  a 
basal  area  factor  of  25,  and  the  number  of 
chains  of  strip  cruise,  1/4  chain  wide,  needed 
to  develop  stand  tables  for  different  levels 
of  precision  for  growth  determination  were 
determined  from  measurements  of  variability 
between  sample  units,  as  follows: 


Level  of 

Chains  of 

Number  of 

precision 

strip  cruise 

point  samples 

P  =  0.67: 

5  percent 

2,279 

540 

10  percent 

570 

135 

15  percent 

254 

60 

20  percent 

143 

34 

P  =  0.95: 

10  percent 

2,370 

431 

15  percent 

1,054 

193 

20  percent 

593 

109 

The  average  number  of  increment  borings 
needed  in  each  2-inch  d.b.h.  class,  based  on 
191  borings,  was  computed  for  different  levels 
of  precision: 


Level  of 
precision 
5  percent 

10  percent 
^ 15  percent 

20  percent 


P  =  0.67 
26 
7 
3 
2 


P  =  0.95 

34 
15 

9 


The  average  number  of  height  measure- 
ments needed  in  each  2-inch  d.b.h.  class, 
based  on  187  measurements,  was  also  calcu- 
lated for  different  levels  of  precision: 


Level  of 
precision 

5  percent 
10  percent 
15  percent 
20  percent 


P  =  0.67 
11 
3 
2 
1 


P  =  0.95 

14 
6 
4 


Sampling  intensities  and  number  of  incre- 
ment borings  and  height  measurements  may 
be  helpful  in  designing  samples  on  areas 
similar  to  Beaver  Creek. 
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